and the "metal anion" M-. The species e-and Mare paramagnetic, whereas M 2 and M-are diamagnetic. Most data suggest th~t M, M 2 , and Mare simple electrostatic assemblies of ammoniated cations and ammoniated electrons -that is, that they are an ion pair, an ion tetramer, and an ion trimer, respectively.
The reaction e-+ NH 3 ----9 !H 2 + NH 2 -has been shown to be reversible, and the directly measured equilibrium constant agrees fairly well with that estimated from other thermodynamic data. Kinetic data for the reaction of ethanol with sodium and for various metal-ammoniaalcohol reductions of aromatic compounds suggest that steady-state concentrations of ammonium ion are established in these reactions. Meehanisms are proposed which account for the unusual features of these reactions. The data for the ethanol-sodium reaction permit the estimation of an upper limit for the rate constant of the reaction thermochemistry. There is every reason to believe that, in the future, other techniques will be applied to these studies, and that a number of subtle features of the solutions will be uncovered.
First let us consider the empirical formulas of the species which have been postulated to exist in alkali metal-ammonia solutions and
• which have received the serious consideration of more than a few invest-~· igators. In this connection it is important to realize that the identification of a sp~cies in terms of its empirical formula is not the same thing as the ~etermination of its structure. (33, 34) propos~d the species 2-( ) e 2 which generally has not been considered seriously since then and Bingel (3) proposed the species M-.
In order to account for both the conductivity data and the magnetic susceptibility data, Becker, Lindquist and Alder (2) proposed that the following two equilibria be considered:
Arnold and Patterson (1) found that a better fit of the data could be obtained by considering three equilibria:
Let us consider the various structures which have been proposed for the species involved in the latter three equilibria. The only uncontroversial species is the metal cation, M+, which has always been assumed to be solvated by a shell of ammonia molecules, with the -4-negative .ends of the ammonia dipoles (the nitrogen atoms) pointing toward the central cation.
The ammoniated electron, e-, has been described by Ogg (35) and various other authors as an electron-in-a-cavity. In this model, the electron is stabilized in a large cavity by polarization and orientation of the peripheral ammonia molecules. A "polaron" model due to Davydov (9) and Deigen (10), in which the electron is assumed to be stabilized by polarization of a continuous dielectric medium, is ruled out by density measurements which show that the electron 0ccupies a very large volume.
The monomer species, M, has been described by Kraus (31) as an ion-pair. Although he did not elaborate on its possible structure, it may be assumed that he pictured this species as two ammoniated ions held together by electrostatic forces. Douthit and Dye (12) pointed out that such a picture is consistent with the absorption spectra of sodium-ammonia solutions. Becker, Lindquist and Alder (2) proposed an "expanded metal" model in which an electron was assumed to circulate in an expanded orbital on the protons of the coordinated ammonia molecules of an M+ ion. The latter model is ruled out by optical, . volumetric, and n.m.r. data.
The dimer species, M 2 , was described by Huster (21) Recently Golden, Guttman and Tuttle (17) proposed that the Mspecies is an ammoniated metal anion and that the M 2 species is an ion-pair of this anion with the ammoniated metal cation. By using reasonable estimates of ionic ammoniation energies, it is possible to
show that an ammoniated metal anion is thermody~ically plausible.
However the only experimental data which were specifically used to support the existence of this species were optical extinction coefficient data of Gold and J-olly (15). These data were obtained at 24,000 A, which happens to be the longest wavelength investigated by
Gold and Jolly because of limitations of the spectrophotometer and strong absorption by the solvent; hence the data may be spurious.
Blandamer et al (4) have recently made a half-hearted effort to • -7-entropies (relative to H+) for a few species are given in Table 1 .
These· values have been calculated from the data of references 6, 19, 20 and 24. A:j_though nobody has succeeded in directly measuring the rate constant of this reaction, Kelly et al (27) have repDrted some kinetic data which permit us to estimate an upper limit for the rate constant. These investigators followed the reaction of sodium with ethanol in liquid ammonia at -33· 4 ° by mea-suring the evolved hydrogen as a function of time.
They noted that, during the first 25% of reaction, the reaction:was first-order in alcohol and essentially zero-order in sodium. Dur~ng the second 25% of reaction, the reaction did not appear to be of definite kinetic order, but during the last half of reaction, the reaction was much slower and was first -ord--er. in both alcohol and sodium, or secondorder overall. These results are at least in qualitative agreement with the rate law
which corresponds to a mechanism involving a low steady-state concentration 0~ ammonium ion: If the ionization constant for ethanol in liquid ammonia, k 1 /k 2 , were known, it would be possible to calculate a value for k 3 , the NH + + e rate constant.
4
At present, the best we.can do is to estimate * A similar, less rigorous interpretation of the data has been published elsewhere (25) . (8) and a pK of about 13.2 in water. In view of the mechanism suggested above for the ethanol-sodium reaction, it seems likely that reduction of aromatic compounds by solutions of alcohols and alkali metals in liquid ammonia proceeds by a general mechanism involving a steady-state concentration of ammonium ion.
-12-Krapcho .ap.d Bothner-By (29) observed that the reduction of benzene and several substituted benzenes in lithium-alcohol-ammonia solutions,
proceeds by the third-order rate law
It can be shown that this rate law is consistent with the mechanism ArH + e < fastJ> ArH-
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